The study was conducted to investigate the capability of Myrtus communis essential oil (MCE) in counteracting the deleterious effects of aflatoxin B1 (AFB1) on growth performance, serum biochemistry and humoral immune responses in broiler chickens. In a completely randomized design, 300 day-old male chickens were assigned to four treatments with five replicates of 15 birds for 42 days. Chickens, up to day seven of age, were fed the same diet and then, they were fed the experimental diets. The dietary treatments were 1) the negative control (no dietary aflatoxin or MCE), 2) the positive control (diet containing AFB1 at 0.5 mg/kg, without MCE), 3) diet containing AFB1 at 0.5 mg/kg plus 500 mg/kg MCE, and 4) basal diet containing 500 mg/kg MCE, without AFB1. Growth performance was measured from day seven to 42. Serum biochemical parameters, organ weights on day 42 and the antibody titres against Newcastle and influenza viruses on day 28 of age were determined. Addition of aflatoxin to diet decreased (P<0.05) the weight gain and feed intake and MCE supplementation diminished (P<0.05) the inhibitory effects of AFB1 on the growth performance. Addition of AFB1 to diet of chicks increased the serum activities of aspartate aminotransferase, alkaline aminotransferase, alkaline phosphatase, and decreased the antibody titres against Newcastle and influenza viruses. Addition of MCE to diet alleviated the negative effects of AFB1 on these parameters (P<0.05). In conclusion, our results showed that addition of MCE may reduce the adverse effects of AFB1 on broiler chickens.
Introduction
Aflatoxins are a group of mycotoxins produced by the strains of Aspergillus flavus and Aspergillus parasiticus in the feedstuffs (Bennett & Klich 2003) . While there are a number of aflatoxins such as B1, B2, G1, G2, aflatoxin B1 is the most prevalent, and highly hepatotoxic and carcinogenic in both human and animals (Wild & Turner 2002 , Williams et al. 2004 . These fungi infect crops such as corn, cottonseed, peanut, rice, soybean, tree nuts as well as products derived from them causing both important economic losses and health problems (Etcheverry et al. 1999) . The fungi invade grains/seeds at pre-harvest stage in the field, during post-harvest drying/curing and storage and produce aflatoxins. These aflatoxins are extremely durable under most conditions of storage, handling and processing of foods or feeds.
Detoxification of aflatoxins appears to be a more attractive approach. Several strategies for the detoxification of aflatoxins by physical, chemical and biological means have been reported (Harvey et al. 1989) . However, each treatment has its own limitations, since the treated product should be safe and unaffected by the chemicals used and the nutritive values of the treated product should not be altered. Natural plant products are of interest as a source of safer or more effective substitutes for synthetic antimicrobial agents and may provide an alternative way to prevent food or feed from fungal or aflatoxin contamination. Powders and extracts of many medicinal herbs have been reported to inhibit the growth of A. flavus and production of aflatoxin (Sandosskumar et al. 2007 , Krishnamurthy & Shashikala 2006 .
Myrtus communis L. (Myrtaceae) is an evergreen scrub, typical of the Mediterranean maquis, which grows spontaneously in many countries. It is traditionally used as an antiseptic, disinfectant drug and hypoglycaemic agent (Elfellah et al. 1984) . On the chemical composition of the essential oil of the plant has been reported (Bradesi et al. 1997) . On the antioxidant activity of myrtle liquor was reported by Alamanni & Cossu (2004) . The presence of phenolic compounds (phenolic acids, polyphenols and flavonoids) in herbs and spices of this plant, along with the essential oils, is gaining increasing attention because of their various functions, such as antioxidant activity and flavouring properties (Issa et al. 2006) .
In the literature, there was no report concerning the effect of dietary essential oil of Myrtus communis on performance, serum biochemistry and immune responses of broilers exposed to aflatoxin. Therefore, this study was conducted to evaluate the potential of applying extract of MCE on performance, the antibody titres against Newcastle and Influenza viruses and serum biochemistry in broiler chicks fed diets containing aflatoxin B1.
Materials and methods

Aflatoxin production
The aflatoxin production was performed by the inoculation of the strain of Aspergillus parasiticus (PTTS 5286) on rice as described by Shotwell et al. (1966) . The sterile substrate, placed in Erlenmeyer flasks, was inoculated with 2 ml of the mold aqueous suspension containing 10 6 spores per ml. Cultures were allowed to grow for seven days at 39 °C in darkness. On the seventh day, Erlenmeyer flasks were autoclaved; culture material was dried for 48 h at 40 °C in a forced-air oven and ground to a fine powder. The AFB1 levels in rice powder were measured by HPLC method (AOAC 1995) . The milled substrate was added to the basal diet (Table 1) to provide the level of 0.5 mg/kg of AFB1. 
Animals and dietary treatments
A total of 300 day-old male broiler chicks (Ross 308) were purchased from a local hatchery. Chickens up to day seven of age were fed the same starter diet based on corn and soybean meal. Thereafter, birds were fed the experimental diets until day 42 of age. On day eight of age, the birds were weighed and randomly allocated to one of the four treatments with five replicates of 15 birds in a completely randomized design. The dietary treatments were 1) the negative control (no dietary aflatoxin or MCE), 2) the positive control (diet containing AFB1 at 0.5 mg/kg, without MCE), 3) basal diet containing 500 mg/kg MCE, without AFB1, and 4) diet containing AFB1 at 0.5 mg/kg plus 500 mg/kg MCE. The basal diet formulated to meet the nutrient requirements of broilers has been shown in Table 1 . Chicks were raised on floor pens (150×150×80 cm) for six weeks and had free access to feed and water throughout the entire experimental period. The lighting program consisted of a period of 23 h light and one h of darkness. The ambient temperature was gradually decreased from 33 to 25 °C on day 21 and was then kept constant.
Performance and organ weights
The body weight was determined at days 14, 28 and 42 of age. Feed consumption and weight gain were recorded at mentioned periods and feed conversion ratio (FCR) was calculated. At day 42 of age, two birds of each replicate were randomly chosen based on the average weight of the group and sacrificed. Carcass yield was calculated by dividing eviscerated weight by live weight. Abdominal fat, liver and pancreas were separated, weighed and the relative weight was calculated as a percentage of live body weight.
Vaccination and immunological tests
The commercially available oil-adjuvant injectable emulsion against Newcastle Disease virus (NDV) and Avian Influenza virus (AIV, H9N2 subtype) were used for vaccinating broiler chicks. Vaccines were injected subcutaneously with 0.2 ml per chick at day nine of age. Also, chicks were orally vaccinated against Newcastle Disease (Lasota) at day 21 of age. At day 28 of age, two chicks from each pen were randomly selected and blood samples were taken by puncture of the brachial vein for analysis of antibody titres against NDV and AIV. Serum antibody titres against NDV and AIV were measured by the hemagglutination inhibition (HI) test, and HI antibodies were then converted to log2.
Serum biochemical parameters
After 12 h fasting, blood samples were collected in the tubes without anticoagulant at day 42 of age from two birds in each pen by puncturing the brachial vein and the blood was centrifuged to obtain serum. Individual serum samples were analysed for aspartate aminotransferase (AST), alkaline aminotransferase (ALT), alkaline phosphatase (ALP), gammaglutamyltransferase (GGT), total protein, triglyceride, cholesterol, blood urea nitrogen and creatinine were determined using an automated analyser (Technicon RA-1000, Luton, United Kingdom) according to the commercial kit protocol (Pars Azmoon Company; Tehran, Iran).
Statistical analysis
All values were analysed by one-way ANOVA using the GLM procedure of SAS for Windows version 9.1 (SAS Institute Inc., Cary, NC). When the F-test for treatments was significant at P≤0.05 in the ANOVA table, means were compared for significant differences using the Duncan's multiple range tests of SAS.
Results
Performance
Effects of treatments on the performance of broilers at different periods are shown in Table  2 . In the different periods, the lowest weight gain and feed intake and the highest FCR were found in the positive control group and the addition of MCE to contaminated diet improved these parameters compared with the positive control. In the total of period, birds fed diets containing aflatoxin had lower body weight and feed intake compared with the negative control group. Feed conversion ratio of chickens fed diets containing aflatoxin was poorer (P<0.05) than in the other groups. Addition of MCE to contaminated diet increased body weight gain and feed intake and FCR compared with the group fed the positive control diet. Feed conversion ratio was better (P<0.05) in the birds fed MCE alone compared with the negative control group. 
Serum biochemical parameters
The effects of treatments on blood biochemical parameters of broilers at day 42 of age are shown in Table 3 . There was no significant difference for total protein and GGT among treatments (P>0.05). However, significant differences were observed for other serum biochemical parameters. The maximum levels of glucose and albumin were found in the negative control group and showed a significant difference in comparison with other groups. Feeding diets containing aflatoxin reduced the levels of glucose and albumin in serum. Addition of MCE to contaminated diet increased the serum albumin level, but decreased further the level of glucose. Highest level of creatinine was observed in birds fed diet containing aflatoxin and inclusion of MCE in diet containing aflatoxin decreased it. The lowest level of creatinine was observed in the birds fed diet containing MCE alone. The highest level of cholesterol and triglycerides were observed in the negative control and positive control and the lowest ones in birds fed diet containing MCE. Feeding of the broilers with the diet containing aflatoxin (positive control) increased the levels of AST, ALT and ALP in the serum compared with the negative control group. By addition of MCE to the diet containing aflatoxin, the serum levels of these enzymes decreased numerically compared with the positive control.
Relative organ weights
Relative weights of organs are shown in Table 4 . The relative weights of liver and spleen were significantly different among treatments (P<0.05). Maximum relative weight of liver was obtained in the birds fed diet containing aflatoxin, which was different compared with negative control group. Also, maximum relative weight of spleen was obtained in the birds fed diet containing aflatoxin. Addition of MCE to diet containing aflatoxin decreased the effects of aflatoxin on the relative liver and spleen weights. Moreover, the relative weight of liver and spleen in the birds fed MCE alone was not different compared to the negative control group (P>0.05). There were no differences among treatments for the relative weight of abdominal fat and pancreas. 
Antibody titre
The effects of experimental diets on antibody titres against Newcastle and Influenza viruses at day 28 of age are presented in Table 5 . Antibody titre against NDV and AIV was significantly different between treatments (P<0.05). The lowest antibody titre against NDV was observed in birds fed diets containing aflatoxin and the addition of MCE to contaminated diet increased antibody titres against NDV significantly. The highest titre of antibody against AIV was found in birds fed diet containing MCE alone, which showed significant difference with other groups. Values in the same row not sharing a common superscript differ (P<0.05).
Discussion
The most important effect of aflatoxin on poultry is a decrease in growth rate. The results of this study indicated that inclusion of aflatoxin at dose of 0.5 mg/kg in diet severely affected the performance of broiler chickens. Our finding is consisted with the report of Dorner et al. (1983) , in which dietary aflatoxins resulted in a significant decrease in feed intake and body weight gain and consequently poor feed conversion ratio. In another study Denli et al. (2004) reported that by the inclusion of aflatoxins in diets of broiler chicks, the rate of daily gain decreased. The reduced feed intake due to aflatoxin ingestion may contribute to protein catabolism, increase of blood ammonia, kidney injury and impairment of glomerular filtration (Tessari et al. 2006) . Moreover, the adverse effects of aflatoxins on growth performance have been related to a decrease in the protein and energy utilization (Verma et al. 2002) , probably as a consequence of a deterioration of the digestive and metabolic efficiency of the birds. The inclusion of MCE in the diet containing aflatoxin affected the performance and led to a reduction in the negative effects of aflatoxin. In the literature, there was no information regarding the effect of MCE on performance of broiler chickens exposed to dietary aflatoxin. Serum AST, ALT and ALP are the most sensitive markers used in the diagnosis of hepatic damage, because they are cytoplasmic enzymes and are released into the circulation after cellular damage. Increase in the level of these enzymes due to the dietary aflatoxin B1 has been reported by Dafalla et al. (1987) , which corresponded with the results of this study. In contrast, Edrington et al. (1997) did not observe changes in the levels of these enzymes by addition of aflatoxin to the diet. By addition of MCE to diet containing aflatoxin, levels of ALT, AST and ALP decreased. It is likely that the phenolic compounds present in MCE protected the liver against toxic agents.
In the present study, the birds fed diets containing aflatoxin compared with the control group had the lowest concentration of glucose, cholesterol, triglycerides and total protein. These results were consistent with the findings of previous studies (Jansen van Rensburg et al. 2006 , Allameh et al. 2005 . Decline in the levels of cholesterol and triglycerides in broiler chickens fed diets contaminated with aflatoxins have also been reported by Fernandez et al. (1994) . The reduction in total protein levels due to dietary aflatoxin inclusion may result from a defect in the transport of amino acids and mRNA transcription. Defect in the mRNA transcription results from the inhibition of DNA-dependent RNA polymerase by aflatoxin. Thus, the synthesis of DNA and protein is prevented in the body of birds fed aflatoxin (Marquardt et al. 1992) , which is reflected as reduction in serum total protein.
In our study the relative weight of liver of birds fed dietary aflatoxin increased significantly. It is possible that more detoxification process and more fat accumulation in the liver are the main causes of increased liver weight. Significant increase in the relative weight of spleen in broilers fed diet contaminated with aflatoxin has been reported by Bailey et al. (2006) . Increase in the relative weight of spleen can be attributed to the overactivity of spleen during feeding diet containing aflatoxins. The effect of aflatoxin on the relative weight of liver and spleen was reduced by addition of MCE to diet. In consistence with the present study, Mousavizadeh et al. (2011) reported that the powder of Myrtus communis in the chickens fed acidified diets could reduce the abdominal fat and relative weight of liver.
Serum antibody titre against NDV was the highest in birds fed MCE alone and the lowest in birds fed diet containing aflatoxin. It is clear that aflatoxin caused severe immuno-suppression due to reduction in phagocytic activity of blood monocytes, depressed complement activity, and hence depressed opsonisation and phagocytic activity (Tessari et al. 2006) .
In summary, these results suggest that treatment with MCE decreases the toxic severity of aflatoxin on serum glucose, creatinine, cholesterol, ALT, AST, ALP concentration, feed intake, and body weight gain in broilers. The protective action of this compound was particularly evident in growth performance. These findings suggest that MCE might be used in chickens to prevent the effects of aflatoxins in contaminated feed and provide a basis for further studies on the relationship between MCE and protection against aflatoxins toxicity, to improve health, safety and quality of poultry products.
